Abstract. The limited resources of fossil fuels, as well as the search for a reduction in emissions of carbon dioxide and other toxic compounds to the atmosphere have prompted the search for new, alternative energy sources. One of the potential fuels which may be widely used in the future as a fuel is biogas which can be obtained from various types of raw materials. The article presents selected results as regards the effects of the proportion of biogas of various compositions on the course of combustion in a dual-fuel diesel engine with a Common Rail fuel system. The presented study results indicate the possibility for the use of fuels of this type in diesel engines; although changes are necessary in the manner of controlling liquid fuel injection.
Introduction
The ongoing climate change related to, inter alia, global warming and growing public awareness combined with a constant increase in demand for energy have prompted the search for new energy sources. In recent years there has been a strong emphasis on increasing the use of energy obtained from renewable sources. Particular attention is being paid to second generation renewable fuels that are manufactured from non-food products, which means that fuel production does not compete with food production.
One of the fuels of this type is biogas, which is generated spontaneously in nature as a result of natural processes and can also be produced in special biogas plants from various types of biomass [1, 2, 3, 4, 5]. The produced biogas contains considerable amounts of methane (40-75%) which is the main combustible component, and of non-combustible carbon dioxide (25-55%) which is a ballast. In addition, depending on the origin, biogas may contain small (at a level of a few per cent) amounts of other components, such as hydrogen, carbon monoxide, nitrogen and oxygen, as well as trace amounts of hydrogen sulphide and other chemical compounds. Given that biogas may be obtained using various production technologies, its chemical composition is not constant. The basic and most desirable biogas component is methane, i.e. the simplest hydrocarbon. The percentage of methane in biogas is determined by the technology of biogas production and ranges from 35% to approx. 75% [1, 2, 6]. Table 1 The major advantage of fuels of this type, e.g. biogas, is primarily the relatively short time of their renewal in nature [1, 2, 3]. Carbon dioxide introduced to the atmosphere as a result of the combustion of these fuels is, most frequently, of plant or animal origin, and, assuming that it will be used by plants in the next vegetation cycle, the process of the use of such a fuel becomes a component of the natural carbon circulation and generally lasts no longer than one year. An example of carbon circulation when using all types of organic wastes for the production of biogas used to generate electricity and heat is presented in Figure 1 [7] . Fig. 1 . Natural carbon circulation with biogas used as a fuel in cogeneration systems [7] .
It is also worth stressing that the production of biogas is the most efficient form of the conversion of organic raw materials into a fuel. This is due to the fact that the production of liquid fuels such as biodiesel or ethanol use various types of grains, e.g. rape, while the production of biogas uses whole plants. What is most important is that there is a possibility of the production of biogas from wastes, even those generated in the production of liquid fuels. Figure 2 presents, in a diagrammatic form, the amount of energy that is possible to be produced from agricultural crops yielded from an area of 1 ha when converting them into various fuels, with reference to the range of a vehicle with an internal combustion engine consuming 7.4 l fuel, or the range of a vehicle with a diesel engine consuming 6.1 l fuel [7] . The presented comparison demonstrates that the energy obtained from biogas enables a 3-fold increase in the range of a vehicle compared to a vehicle powered by biodiesel or bioethanol obtained from the same area of crops. Therefore, biogas production generates much less waste than liquid fuel production does. th 
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Fig. 2.
A comparison of the potential range of a vehicle using different fuels produced from 1 ha of agricultural crops [7] The properties of biogas as a fuel for internal combustion engines are strictly dependent on the content of particular compounds. They are affected the most by methane, i.e. the basic combustible component of biogas.
Biogas may be used as a fuel for both spark-ignition engines and diesel engines [3, 8, 10] . The use of biogas to power diesel engines is relatively unexplored and many research centres are currently conducting research into the development of efficient methods of using this fuel. A dual-fuel supply system is required for these engines. This is due to the fact that in order to ignite the air/biogas mixture in the combustion chamber, it is necessary to inject a dose of a liquid fuel whose spontaneous ignition initiates the combustion of a gaseous fuel.
This article presents the results of an analysis of the effect of the proportion of a biogas dose in the supply dose on the course of combustion in a diesel engine with the Common Rail fuel system.
Objective of the research and test bench description
This paper presents the preliminary test results of a compression ignition engine run in a dual-fuel system, fuelled with gaseous fuel with varying chemical composition.
The tests described were performed on an ADCR engine manufactured by Andoria-Mot. For the engine technical specifications, refer to table 2 [11] .
The engine examined was installed in an AVL engine test bed ensuring proper engine load and measurement of basic operating parameters, including the rotational speed, torque and fuel consumption.
Furthermore, as the engine was running, the course of pressure changes in the first cylinder chamber were recorded using the 6056A type probe made by Kistler, placed in the glow plug seat with the aid of a special adapter. The probe was combined with the 5018A load amplifier, which was connected via DAQ card to a PC. The crankshaft rotation angle was measured by an optical sensor installed on the crankshaft. The angle marker resolution was 720 points/revolution in this case, which enabled pressure recording every 0.5° of crankshaft revolution, within the full range of the engine's work cycle [11] . To complete the testing programme planned, a system was developed that enabled fuelling the engine with gaseous fuel with the assumed chemical composition, created artificially in a laboratory [11, 12] . Based on available literature data, it was assumed that the fuel fed to the engine during the tests will be a mixture of two main components of agricultural biogas, namely methane (CH4) and carbon dioxide (CO2). The percentage of other chemical compounds present in the biogas derived from agricultural biogas plants is negligible (below 1%), and thus, they were not considered in the fuel being tested.
Methane-rich natural gas type E from the municipal gas network, the composition of this class of natural gas is as follows:
-methane (CH4) -ca. , as declared by the supplier -the Polish Gas Company (PSG). As was assumed, in addition to methane as the main combustible component, the gaseous fuel should contain carbon dioxide. Compressed carbon dioxide with a purity class of 2.2, thus containing 99.2% CO2, was used in the tests. This is a typical industrial gas commonly used for welding purposes.
To create fuel with the assumed chemical composition, the above gases were fed to the engine inlet manifold through a special system made for the purpose of the project, ensuring the designed flow rate of individual components of the gaseous fuel [13] . Figure 4 shows a general diagram of the system supplying gaseous fuel. During the study, an ADCR engine was controlled by an original Bosch EDC16C39 device with original engine-controlling software adjusted to single fuel operation. Depending on the current engine operating conditions, e.g. the engine speed or the load, the controlling device follows various control strategies. During the study, the engine controls maintained constant engine load by selecting a fuel dose depending on the engine operating conditions, taking into account the gaseous fuel dose. This resulted, with the increase in the proportion of a gaseous fuel, in a reduction in the liquid fuel dose injected into the combustion chamber.
Test results
At the first stage of the tests, the gaseous fuel dose was increased until the engine ran steadily without signs of knocking combustion. Table 3 
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The energy share of diesel fuel Udf in the total engine fuel dose was determined from the relationship: As can be seen in fig. 5 , supplying a gaseous fuel to the combustion chamber significantly changes the course of combustion, which is associated with the initiation of the combustion of gaseous fuel by the ignition of the pilot dose, which consequently leads to a greater increase in pressure in the initial combustion phase. At the same time, the effects of chemical composition of a gaseous fuel on the course of charge compression in the combustion chamber and on the course of its combustion can be observed. In addition, the courses presented in fig. 5a clearly indicate a significant effect of the gaseous fuel dose volume on the course of combustion. At lower proportions of this fuel, the mixture present in the combustion chamber has a relatively high  value and, as soon as the combustion of a liquid fuel pilot dose stops, the flame goes out and the further combustion of the gaseous fuel only takes place along with the combustion of the liquid fuel main dose. On the other hand, with a richer mixture, the combustion of the gas and air mixture is intensified.
The courses presented in fig. 5 also enable the observation of the effects of the proportion of carbon dioxide in the supply dose on the course of pressure changes in the combustion chamber. As the proportion of CO2 in the supply dose increases, the maximum pressure in the combustion chamber drops, which is associated with an increase in the specific heat of the charge. An analysis of the presented courses of pressure changes in the combustion chamber clearly shows the significant effect of the proportion of a gaseous fuel on both the course of combustion and the compression of the mixture. An increase in the proportion of a gaseous fuel in the supply dose results in a reduction in the pressure during the compression due to an increase in the specific heat of the gas and air mixture, which leads to a reduction in charge temperature and contributes to a delay in the spontaneous ignition of the liquid fuel.
Conclusions
The above-presented examples of the effect of the proportion of biogas in a dose supplied to a diesel engine, and the wider study results presented in [3] enable the formulation of the following conclusions:
-there is a possibility for the efficient use of biogas to power diesel engines; -the course of gaseous fuel combustion process in dual-fuel diesel engines can be controlled by changing the parameters of liquid fuel dose injection; -due to the high overall efficiency of the engine within a narrow load range, it is suitable for operation in stationary cogeneration systems in hybrid systems and in agriculture to power agricultural tractors;
On the other hand, major disadvantages of such diesel engine powering include: -the supply of a gaseous fuel to the engine cylinder during the intake stroke prevents the control of the course of combustion in the engine. The combustion of a gaseous fuel starts at the moment of spontaneous ignition of the first liquid fuel dose, which prevents combustion control; -at partial loads, the overall efficiency of the engine decreases;
Further research into the use of biogas and other gaseous fuels should be carried out in order to select the parameters of the diesel fuel pilot dose and to investigate the possibilities for the application of gaseous fuel direct injection to enable control of its combustion.
